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ABSTRACT 
The  two  Schiff  bases  (z)-3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylimino)  indolin-2-one  (LIH),  and    (z)-1-
benzyl-3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazole-4-ylimino)indolin-2-one  (LII)  have  been  prepared    by 
condensation reaction of isatin and 1-benzyl isatin with 4-aminoantipyrine  in dioxane and their structures were characterized by 
CHN analysis, NMR, IR and mass spectroscopy. A new Hg-metallated  biSchiff base ((E)-3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-
dihydro-1H-pyrazol-4-ylimino)-2-oxoindolin-1-yl((E)-3-(2-methyl-5-oxo-1-phenyl-2,5-dihydro-1H-pyrazol-3-ylimino)-2-
oxoindolin-1-yl)mercury  (Hg(LI)2)  was  synthesized  by  condensation  reaction  of  bis(2,3-dioxoindolin-1-yl)  mercury(II) 
(Hg(isatin)2) with 4-aminoantipyrine(4-AAP).  Reaction of LIH with Pt(II) and Cu(II) complexes in basic medium led to binding 
of the metal ions at N-1 atom of isatin ring while reaction of LIH and LII with metal salts in neutral medium resulted in the 
formation of metal complexes where the metal ion is coordinated to carbonyl and azomethine groups of the two ligands. The 
metal complexes were characterized and their structures were suggested depending on CHNM and thermal analysis, FTIR and 
electronic spectra, magnetic susceptibility as well as conductivity measurements. The structures of the Ni(II), Pt(II) and Hg(II) 
complexes were further supported by NMR  spectroscopy. 
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1. INTRODUCTION 
The high affinity for the chelation of the isatin Schiff bases towards the transition metal ions were reported to exhibit a 
wide  range  of  biological  activities  such  as  analgesic
1,  anticonvulsant
1,2  antidepressant
3,  anti-inflammatory
3   
antifungal
3-7 antiviral
3,4,7,8 antitumor
3,9-11 ,antileukemic
3,12 anticancer
6 and antiglycation activity
13.Schiff bases derived 
from 4-aminoantipyrine( 4-AAP) have been  tested as antibacterial and antiparasitic agents
14 and their complexes with 
metal ions such as Co(II), Ce(II), Pt(II), UO2
+2, Cu(II), Mn(II), Fe(II), Ni(II)  have been extensively investigated 
because  of  their  biological,  clinical,  pharmacological  and  analytical  importance
5,15,16  These  applications  gave  us 
motives to study the coordination behavior of the two Schiff base ligands: (z)-3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-
dihydro-1H-pyrazol-4-ylimino)indolin-2-one  (LIH),  and  (z)-1-benzyl-3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazole-4-ylimino)indolin-2-one (LII) with some transition  metal ions to study their  activity as anticancer agents  
in future work. The synthesis of the two ligands  by reacting isatin or N-benzyl isatin  with  4-aminoantipyrine in 
refluxing  ethanol[17] was unsuccessful as  no product was  formed until more than 40 h after the addition of glacial 
acetic acid. In this work we report the immediate synthesis of LIH and LII in dioxane containing catalytic amout of 
glacial acetic acid. We also report for the first time the formation the N-1 metallated bis-Schiff base ((E)-3-(1,5-
dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylimino)-2-oxoindolin-1-yl((E)-3-(2-methyl-5-oxo-1-phenyl-2,5-
dihydro-1H-pyrazol-3-ylimino)-2-oxoindolin-1-yl)mercury  (Hg(LI)2)  from  the  condensation  reaction  of  4-
aminoantipyrene  with  bis(2,3-dioxoindolin-1-yl)  mercury  Hg(isatin)2 
18.  Such  mercury  adducts  are  important  in 
understanding the effect of this metal ion on enzymatic and DNA functions. 
 
2. EXPERIMENTAL 
Melting points were determined on Gallenkamp M.F.D 600-010f melting point apparatus. Purity of Products was 
detected by using TLC techniques using a mixture of acetone: chloroform (1:1, 1:2 and 2:1 v/v) and acetone and 
chloroform only, as eluents. Infrared spectra were recorded using (KBr) and (CsI) discs on SHIMADZU FTIR-8400S, 
Fourier Transform, Infrared spectrophotometer. Electronic spectra of compounds in different solvents were recorded 
on SHIMADZU U.V-visible recording spectrophotometer U.V 1650 region (250-1100)nm. Elemental microanalyses 
were performed on Eurovector EA 3000A. The metal contents were determined by using Shimadzu AA 6200 Flame 
Atomic Absorption Spectrophotometer. Mass spectra were recorded on Shimadzu Qp 5050A. 
1H and 
13C NMR were 
performed  by  using  Bruker  Ultra  Shield  300  MHz  NMR  spectrophotometer.  Thermal  analyses  of  some  metal 
complexes  were  carried  out  by  using  STA  409  PC  Lux  from  NETZSCH  (Germany).  Electrical  conductivity 
measurements for complexes in DMF, DMSO and DMA (10
-3M) at room temperature, were carried out by using 
Radiometer Copenhagen CDM 83 conductivity meter. Magnetic moments µeff (B.M) for the prepared complexes in the 
solid state at room temperature were carried out by using Bruker Magent B.M-6 and Magnetic susceptibility balance 
Model MSB-MK-1. The chloride contents for complexes were determined by Mohr’s method.   Pakistan Journal of Chemistry 2011 
 
101 
All chemicals were of pure grade and were used  as supplied except ethanol and DMF which were dried and distilled 
prior  to  use.  Dichlorobis(benzonitrile)palladium(II)  [PdCl2(PhCN)2]
19,  cis-platinum(II)  bis(triphenylphosphine)  chloride 
(cis-PtCl2(PPh3)2)
20,  bis(2,3-dioxoindolin-1-yl)mercury  Hg(isatin)2
18
    and    N-benzylisatin
21,22  were    prepared 
according to methods reported in the literature.  
 
2.1 Synthesis of Ligands 
1.  (Z)-3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylimino)indolin-2-one(LIH): 
a)  To a stirred solution of isatin (0.6906g, 4.7 m.mol) in dioxane (3.6 ml) was added  a solution of 4-amio 
antipyrine (0.9552 g, 4.7 m.mol) dissolved in (6.3 ml) of the same solvent. Then glacial acetic acid  (6 drops) 
was added and  the mixture was heated at temperature range  of 75-85
oC with continuous stirring. The color of 
solution changed from orange isatin color to deep red and the product was formed immediately. Heating was 
continued for 5h to achieve complete 4.7 m.mol precipitation. The product was filtered, washed several times 
with hot ethanol, followed by ether and vacuum dried, giving brown red microcrystals. yield 67.24%, m.p. 
146-148
oC. IR (ν cm
-1): 3425(NH), 1620(C=N), 1728(isatin C=O), 1650(C=O, 4-AAP). MS(EI) calculated for  
C19H16N4O2 , m.wt 332.36, m/z( I%): (332.6) [M]
+ (28) 240[M-C6H6N] (5), 213 [M-C7H5NO](19.5), 198[M-
C7H5NO-CH3](5.5),  159[M-C7H5NO-CH2-N=C=CH2](3.5),  146[M-C7H5NO-CH3-C3H2N](4),  119[M-
C7H5NO-CH3-C3H2N-HCN](5.5),  102[M-C7H5NO-CH3-C3H2N-CONH2](1.7),  84[77(Ph)[M-C7H5NO-CH3-
C3H2N-HCN-HN=C=O](6.4), 56[M-C6H6N-C11H8N2O](30) and 51[M-C7H5NO-CH3-C3H2N-HCN-HN=C=O-
C2H2](1). Elemental analysis (%) calculated for C19H16N4O2: C,68.67; H,4.85; N,16.86% found: C,69.07; 
H,5.22;  N,17.08. 
1HNMR    (ppm)(DMSO):  10.75(1H,  s,  N-H  protons),  6.084-7.018(4H,  d,  indole  ring), 
7.216-7.573(5H, t, Ph), 3.2(3H, s, N-CH3), 2.6-2.4(3H, m, C-CH3); 
13CNMR   (ppm): 165 (2C, s, 2C=O),  
156.1(1C,  azomethine  C=N),  149-145(2C,  C-C=O  +  C3-CH3),  135-110(13C,  m,  aromatic  C+C4-N). 
Electctronic  spectra ((λmax,nm νmaxcm
-1) ((εmax, L.mol
-1.cm
-1) DMF: 263, 312, 452 nm (38022, 32052, 22124 
cm
-1 (11511, 9375, 4000 L.mol
-1.cm
-1) π→π*;  DMA (257, 307, 430 nm, (38888sh, 32573, 23256 cm
-1) (5476, 
12727, 17185 L.mol
-1.cm
-1),π→π*. 
b)  The same procedure was conducted by adding a solution of 4-aminoantipyrin  (0.9552 g, 4.7 m.mol )   in 
super dry ethanol (18.3 ml)   to 4.7 ml of an ethanolic solution of isatin (4.7 m.mol) containing 6 drops of glacial 
acetic acid. Heating was continued for 44h  to achieve complete precipitation. Yield 40.3 %. 
 
2.  (Z)-1-benzyl-3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazole-4-ylimino)indolin-2-one(LII): 
A solution of N-benzylisatin (1.1186 g, 4.7 m.mol) in dioxane (5.5 ml)(99%) was added to solution of 4-
aminoantipyrene (0.9552 g, 4.7 m.mol) in the same solvent (4.5 ml). Six drops of glacial acetic acid were 
added and the mixture was heated under reflux for 6h to achieve complete precipitation. The product was 
filtered, washed several times with dioxane followed by cold ethanol and ether and dried under vacuum. to 
give red powder. Yield 49.9, m.p.244-246
oC. IR(ν,  cm
-1, KBR): 1712 (C=O isatin),  1666(C=O 4-AAP). 1643 
(azomethine  C=N), 
1HNMR  (ppm)(DMSO):  7.6-7.2(10H,  t,  2Ph),  7-1-6.8(4H,  d,  indole  ring),  4.979-
4.862(2H, s, benzyl CH2), 3.3(3H, s, N-CH3), 2.5(3H, s, C-CH3); 
13C NMR δ(ppm): 129.743-129.165(13C, 
aromatic, 4 beta CH, isatin 4,6-CH, 2 C=N, 2N-C=O, C-N-N, 2C-N), 127.929-127.768(6C, m, aromatic CH of  
phenyl  and  C-7 of isatin), 11.39(2C, N-CH3, C-CH3). Elemental analysis (%) calculated for C26H22N4O2: 
C,73.92, H,5.25, N,13.27%. Found:  C 74.50, H 4.89, N 13.95%. Electronic spectra λmax nm, (νmax cm
-1) ((εmax 
L.mol
-1.cm
-1) (DMF): 257, 300, 323, 471nm (38910, 33333sh, 30960sh, 21231 cm
-1) (5476, 10645, 7741, 
5148 L.mol
-  1.cm
-1) π→π* ;  DMSO:  300, 330, 470 nm (33333, 30303, 21277 cm
-1)(36193, 19354, 18403 
L.mol
-1.cm
-1) π→π*; DMA: 273, 464 nm (36670, 21570 cm
-1) (18720, 7031 L.mol
-1.cm
-1) π→π*. 
 
3.  ((E)-3-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylimino)-2-oxoindolin-1-yl)((E)-3-(2-methyl-5-
oxo-1-phenyl-2,5-dihydro-1H-pyrazol-3-ylimino)-2-oxoindolin-1-yl)mercury(II) (Hg(LI)2): 
     To  a  stirred  solution  of  Hg(isatin)2  (0.1  g,  2  m.mol)  in  DMF  (2.85  ml)  was  added  a  solution  of  4-
aminoatipyrine  (0.1 g, 4 m.mol) in  DMF(1 ml) containing 4 drops of glacial acetic acid, and the mixture was 
heated under reflux with continuous stirring. An orange yellow  precipitate was formed after one hour. Reflux 
was continued for further  2h to allow complete precipitation. Then the product was filtered off, and washed 
with DMF, ethanol ,ether and vacuum dried. 
 
2.2 Synthesis of metal complexes 
 
2.2.1 Complexes of LIH 
Cobalt (II) and  nickel(II) complexes (C1and C2): To a stirred solution of LIH (0.05 g, 0.15 mmol) in absolute ethanol 
(3.6 ml) was added, an alcoholic solution of  CoCl2.6H2O and NiCl2.6H2O (0.0539  and 0.537g  respectively, 0.15 
mmol) and the mixture was heated under reflux with continuous stirring. Precipitation of complexes took place after Abdulghani & Ahmed 
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30 min.  and 1h  respectively. Reflux was continued for 1h and 2h respectively to achieve complete precipitation. Both 
products were filtered, then washed with hot ethanol, cold ether and vacuum dried.  
Copper (II) bipyridyl complex (C3): To a stirred solution of (LIH) (0.05 g, 0.15 m.mol) in absolute ethanol (3.6 ml) 
was added an alcoholic solution of CuCl2.2H2O (0.0511 g, 0.3 m.mol) followed by (0.0468g, 0.3mmol) of bipyridyl in 
a minimum amount of ethanol. Then triethylamine (Et3N) (0.5 ml) was added and the mixture was heated under reflux 
for (4 h) on a water bath with continuous stirring. A green precipitate was formed after 30 min. The product was 
filtered, washed with hot ethanol followed by ether and vacuum dried.  
Platinum(II) complex (C4): A solution of  (LIH) (0.0184 g, 0.0548 m.mol) in dry methanol containing Et3N (0.5 ml)  
was added to a stirred suspension of cis-[PtCl2(PPh3)2] (0.0432 g, 0.0548 m.mol)in methanol and the mixture was 
heated on a water bath at (45-50)°C for (3.5 h) with continuous stirring. The solvent was evaporated under reduced 
pressure to leave a red solid residue. The product was re-dissolved in dichloromethane (20ml). Water (75 ml) was 
used to extract the NEt3H
+Cl
-, produced in the reaction. The organic layer was separated, dried with MgSO4.H2O, and 
filtered. Most of solvent was evaporated. A red solid was formed and recrystallized from light petroleum ether (30-
40)°C. The product was filterd, washed with light petroleum ether and dried under vacuum.  
 
2.2.2 Complexes of LII 
Co(II), Ni(II), Cu(II) and Pd(II) complexes (C5-7 , C9): To a stirred solution of (LII)(0.1 g, 0.23 m.mol) in absolute 
butanol (6 ml) was added a solution of CoCl2.6H2O, NiCl2.6H2O, CuCl2.2H2O and PdCl2(PhCN)2 (0.0608 g, 0.0608 g, 
0.0804 g, 0.097g respectively, 0.23 m.mol) in  a minimum amount of n-butanol, and the mixture was heated under 
reflux for 3h, 30 miutes, 3h, 10 minutes respectively until the formation of precipitates. The products were washed and 
purified from starting materials using hot butanol followed by ethanol and ether and vacuum dried. 
 
Cu(II)  bipyridyl complex (C8): To a stirred solution of (LII)(0.1 g, 0.23 m.mol) in hot ethanol (31 ml) was added, an 
alcoholic solution (17 ml) of CuCl2.2H2O (0.0804 g, 0.46 m.mol) with continuous stirring. The mixture was heated 
under reflux for (13 min). The colour of solution was changed from red to dark brown. Then a solution of 2,2-
bipyridyl (0.0368 g, 0.236 m.mol) in ethanol (1.5 ml) was added and reflux was continued for (3 h) to achieve 
complete precipitation. A green precipitate was formed. The product was filtered, washed several times with ethanol 
followed by ether and vacuum dried. 
 
Pt(IV) complex (C10): To stirred solution of  LII (0.0521 g, 0.123 m.mol) in DMSO (3 ml)(99%) was added a solution 
of K2PtCl6 (0.03 g, 0.06 m.mol) in DMSO (1.5 ml) and the mixture was heated under reflux for (4 h). After cooling to 
room temperature, a mixture of H2O:EtOH (2.5:2) was added with continuous stirring. A dark brown precipitate was 
formed. The product was filtered, washed and purified with the same solvent mixture followed by ether and vacuum 
dried. 
 
3. RESULTS AND DISCUSSIONS 
 
3.1 Physical properties and elemental analyses 
The synthesis routes o f the compounds LIH, LII and Hg(LI)2 are illustrated in scheme (1). The physical properties and 
elemental results obtained from C.H.N. analyses and metal contents of the prepared compounds are described in 
Table-1. The analytical data were almost agreeable with the calculated values.The ligands and their metal complexes 
were  mainly  soluble  in  DMF,  DMSO  and  DMA,  sparingly  soluble  in  ethanol,  methanol,  chloroform,  and 
dichloromethane and insoluble in less polar solvents. 
 
3.2 NMR spectra  
The 
1HNMR and 
13CNMR chemical shifts (ppm) exhibited by the prepared organic compounds shown in figures (1) 
and (2)  gave  a good support to the suggested structures and were in agreement with those obtained from other  isatin 
derivatives 
5,23,24. In addition to the peak related to CH3 protons which appeared at δ (1-2.7)ppm 
25,26, the ligand LIH 
(Figure 1a) exhibited  a chemical shift signal assigned to N-H proton of isatin at  δ
 (10.75)ppm 
25-35. The 
13CNMR 
spectrum of this ligand  (Figure 1b) exhibited a  signal of carbon atom of azomethine group located at δ(156.1)ppm 
32 
and of carbon atom of (C=O) group at δ(165)ppm 
30,32. The 
1HNMR spectrum of LII in DMSO (Figure 1c) showed 
peaks appeared at δ(6.95-7.5) ppm assigned to protons of aromatic rings 
28. Chemical shifts of (CH2) protons of benzyl 
group was observed as a multiplet at δ(4.862-4.979)ppm 
30. The 
13C NMR spectrum (Figure 1d) showed the 
appearance  of  peaks  at  (129.734-127.7  )  ppm  assigned  to  aromatic  carbons  while  that  observed  at 
δ(11.39)ppm corresponds to aliphatic carbons
16. The 
1HNMR spectrum of the Pt(II) complex of  LIH(C4) in 
CDCl3, shown in (Figure 1e), exhibited     one peak observed at δ(2-2.1)ppm attributed to hydroxyl proton of solvent 
(CH3OH)[36].The signals assigned to aliphatic protons appeared at δ(2.24-3.75)ppm 
28,32,  while those of aromatic 
protons appeared at δ(6.6-8.035)ppm[30,32,36]. The spectrum also showed the disappearance of     Pakistan Journal of Chemistry 2011 
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Table-1: Physical properties and analytical data for LIH, LII  and their metal complexes 
Symbol  Colour  (m.p.) °C  Yield% 
% Element Analysis Found ( calculated) 
C  H  N  M  Cl 
L1H 
Brown 
Red  146-148  67.24  69.07 
(68.67) 
5.22 
(4.85) 
17.086 
(16.86)     
C1 
Co(II) 
Brown  195  28.57  54.747 
(54.47) 
3.9 
(3.8) 
13.472 
13.37 
14.0 25 
(13.155) 
8.25 
(7.99) 
C2 
Ni(II) 
Brown  >290  53.23  48.257 
(48.413) 
3.981 
(3.61) 
12.50 
(11.89) 
11.55 
(12.46) 
14.35 
(15.07) 
(C3) 
Cu(II) + bipy 
Greenish 
Brown  202  14.44  44.97 
(44.86) 
2.86 
(3.35) 
10.15 
(10.82) 
17.33 
(16.42) 
18.65 
(18.3) 
(C4) 
Pt(II) 
Red  200-202  46.22  60.66 
(60.80) 
4.81 
(4.71) 
4.55 
(5.10) 
17.80 
(17.94) 
3.15 
(3.267) 
Hg(LI)2 
Orange 
Yellow  >290  55.56  51.60 
(51.78) 
3.75 
(3.63) 
13.10 
(12.71) 
22.80 
(22.77)  - 
LII  Red  244-246  49.9  74.50 
(73.90) 
4.89 
(5.21) 
13.95 
(13.27) 
 
   
(C5) 
Co(II) 
Brown 
Yellow  >290  26.6  64.5 
(64.07) 
4.61 
(4.52) 
12.10 
(11.41) 
6.40 
(6.95) 
7.55 
(7.29) 
(C6) 
Ni(II) 
Brown  276-278  44.83  63.85 
(63.93) 
4.63 
(4.50) 
12.22 
(11.47) 
5.59 
(6.01) 
7.93 
(7.27) 
(C7) 
Cu(II) 
Light 
Brown  >290  13.81  61.50 
(60.96) 
3.60 
(4.29) 
11.20 
(10.94) 
7.80 
(8.2) 
9.50 
(9.24) 
)C8) 
Cu(II) 
Green  264  23.02  41.20 
(41.60) 
3.41 
(3.47) 
8.902 
(8.12) 
19.037 
(18.42) 
19. 84 
(20.56) 
C9 
Pd(II) 
Gray  >290  22.84  36.74 
(36.7) 
3.011 
(3.53) 
6.695 
(6.59) 
16.25 
(16.72) 
24.50 
(25.06) 
C10 
Pt(IV) 
Dark 
Brown  145-146  13.56  57.87 
(58.29) 
4.10 
(4.12) 
9.74 
(10.46) 
11.75 
(12.15) 
9.34 
(8.84) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme-1: Synthetic route of  LIH,  LII and Hg(LI)2 
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Fig-1: 
1H NMR and 
13CNMR spectra of  LIH (a and b)  LII (c and d) and PtLI(PPh3)2Cl (e and f) respectively 
 
(N-H) proton signal of  isatin ring.This means that platinum(II) ion  is bonded directly to the nitrogen atom of isatin 
ring 
30.The 
13CNMR spectrum of (C4) (Figure 1f) showed a peak at δ(11.3)ppm assigned to carbon atom of methyl 
group at 2' position of antipyrine ring (N-CH3)
30,32,36, while the  peak appeared at δ(29-36)ppm was attributed to 
methyl carbon at position 3' (C-CH3)
36. Signals of aromatic carbons appeared at δ (124-135)ppm
36.The peak observed 
at δ(112) ppm is attributed to the two olefinic carbons
5,36. Peaks appeared at δ(157) ppm and δ(162) ppm were 
assigned to azomethine and carbonyl carbons  respectively
33,35. The 
1HNMR spectrum of Hg(LI)2 in DMSO  shown in 
(Figure 2c)  exhibited  signals related to aliphatic protons appeared at (2.24-3.75) ppm
30, while that of aromatic 
protons appeared at (6.6-8.035)ppm
4,30,32,36. The  disappearance of (N-H)  proton signal of  isatin ring indicates that the 
mercury(II)  ion is directly bonded to nitrogen atom of isatin ring
30.The 
13CNMR spectrum of Hg(LI)2  (Figure 2d) 
exhibited  two peaks at δ(11.39) and (19.2) ppm attributed to carbon atoms of the two methyl groups
28,32.Peaks 
assigned to the  carbonyl and azomethine carbon atoms appeared at (165,162 and 160)ppm respectivly
21,36, while  the 
   
(c)  (d) 
(e)  (f) 
(b) 
(a) 
(e)  (f) 
(b)   Pakistan Journal of Chemistry 2011 
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chemical shift of the olefinic carbon atoms were located at (119)ppm
36. Peaks assigned to aromatic carbon atoms were 
observed at δ(123.115-136.544)  ppm 
2,30,32,36. The 
1HNMR spectrum of of the Ni(II) complex of LII (C6)  in DMSO 
(Figure 2a) exhibited  peaks observed at (2.43 and 3.25) ppm  attributed to the two methyl protons (CH3)
32,36. The 
signal assigned to methylene protons appeared as a singlet at δ(4.91)ppm
21. Aromatic protons showed a multiple peak 
at δ(6.5-8.8) ppm
21,30. The 
13CNMR spectrum of  (C6) (Figure 2b) exhibited two peaks observed at  δ(11.39)and 
(39.23)  ppm  attributed  to  methyl  carbon  atoms
28,32.  The  benzylic  methylene  carbon  atom  signal  appeared  at 
δ(43.15)ppm
21. The chemical shift of olefinic and  aromatic carbon atoms were located at  δ(109.68) ppm and δ(122.7-
136.8) ppm respectively
30,36. 
 
 
 
 
Fig-2: 
1HNMR and 
13CNMR spectra of  [ Ni(LII)2Cl2] (a and b)  and Hg(LI)2 (c and d) respectively 
 
3.3 Mass spectra 
The mass spectrum of LIH shown in Fig-3 exhibited a peak at (332.6) which was assigned to [M]
+.. Some other 
characteristic peaks were observed at m/z values that have been reported in the mass spectra of other isatin and 
antipyrine derivatives
4,37,38  and were assigned to fragments described in scheme (2). The EI mass spectrum of  the 
Pt(II) complex C4 at 70 eV showed  characteristic peaks observed at (m/z 294, 277, 262, 213, 199, 183, 170, 157, 133, 
108, 92, 78, 65 and 51).The peak observed at m/z 262.1 corresponds  to the two  PPh3 ion fragments. Suggested 
fragmentation pathways and structural assignments  are described in scheme-3. 
 
3.4 Infrared spectra 
The important IR vibrations and tentative assignments of LIH, LII  and their  metal complexes are described in table 
(2). The infrared spectrum of L1H exhibited the absence of bands attributed to νNH2 of 4-aminoantipyrene[36] and νC=0 
of isatin at position C-3
36,39  and the appearance of a single band assigned to C=N stretching mode of Schiff base at 
1620cm
-1 
5,36. A sharp band was observed at 3479cm
-1 was attributed to υOH of enolic form of isatin ring at C-2
40. The 
bands appeared at 3085 and 3016 are assigned to aromatic C-H while those appeared at 2970, 2893 and  
(a)  (b) 
(c)  (d)  (c)  (d)
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2815cm
-1 were assigned to aliphatic C-H 
36,39. Two bands were observed at 1728 and 1650 cm
-1 were assigned to two 
C=O stretching vibration of isatin and 4-AAP rings respectively
4,5,36. The band related to aromatic C=C vibration 
appeared at 1455cm
-1 32,36. The antipyrine ring showed two other bands at 1604 and 1296cm
-1 attributed to C=C and  
C-N  vibrations  respectively
36.  The  spectra  of  Co(II),  Ni(II)  complexes  and  Cu(II)  mixed  ligand  complex  with 
bipyridyl (C1, C2and C3 respctively), exhibited shifts of vibrations assigned to νC=N of azomethine group and νC=O of 
the  two  carbonyl  groups  to  lower  frequencies.  This  is  attributed  to  coordination  of  these    groups  with  metal 
ions
4,25,31,41,42. Thes pectrum of the mixed ligand Cu(II) complex with bipyridyl (C3), exhibited the absence of  N-H 
and  C=O  stretching bands of isatin  ring and  the appearance of   two new bands at 3450 and  1600 cm
-1  related to 
OH  and C=N stretching vibrations of the enolic form of the isatin ring respectively. This refers to  bonding of Cu(II) 
ion complex of bipyridyl to N1 and C-2 OH of isatin ring Bands related to bipyridyl ring vibrations were observed at 
3075, 1450 and (1250, 1330)cm
-1 attributed to aromatic  C-H, C=C and C-N respectively
36. The complex exhibited 
also  vibrational  modes  of  coordinated  water
42  whereas  the  spectra  of  the  Ni(II)  and  Pt(II)  complexes  showed 
vibrational modes of water and methanol respectively in their crystal lattice. The spectrum of the Pt(II) complex (C4) 
exhibited no significant changes in stretching vibrations of the carbonyls and azomethine groups which rules out 
bonding with Pt(II) ion. The absence of the sharp band of N-H group of isatin refers to bonding of the nitrogen atom 
of indole ring with Pt(II) ion by ionic bond
43. Additional bands appeared at 3055 and 1530 were attributed to aromatic 
C-H and C=C vibrations respectively of triphenylphosphine. Bands appeared at lower frequencies were assigned to M-
N, M-O, M-P and M-Cl stretching modes
5,16,42.  
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Fig-3: Mass spectrum of LIH 
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Scheme-3: Fragmentation pathways of C4 
 
The spectrum of Hg(isat)2 exhibited absence of isatin ring N-H stretching vibration and no significant changes in two 
carbonyl vibrational mode of isatin. This refers to bonding of nitrogens only with the metal ion
18. The band observed 
at  3500-3460  is  attributed  to  OH  stretching  vibrations  of lattice  water
42. The spectrum  of  Hg(LI)2  exhibited  the 
absence of NH2 stretching vibration of 4-AAP and the appearance of a new band at 1620 cm
-1 attributed to azomethine 
stretching vibration
36. Aromatic and aliphatic C-H stretching vibration appeared at 3000, 2950 cm
-1 respectively
6,16. 
The strong sharp band appeared at 1481 cm
-1 was attributed to aromatic C=C vibration
6,36. The bands observed at  
lower frequencies attributed to M-N stretching mode
42. The infrared spectrum of  LII exhibited the absence of the 
bands attributed to stertching vibrations of (C=O) at postion (C-3) of N-benzylisatin and NH2 of 4-AAP stretching 
vibratons
36. Group vibrations of antipyrine ring of Hg(LI)2 and LII were observed at 1604-1500, 1390-1345 and 1060 
cm
-1 and assigned to aromatic C=C and C-N stretching and CH3 rocking vibrations respectively
4,5,36. The spectra of  all 
complexes exhibited shifts in νC=O vibrations of N-benzyl isatin to lower frequencies except the Pt(IV)complex (C10) 
which  refers  to  coordination  of  this  group  with  metalions
42.  The  spectra  of  Cu(II)-bipyridyl,  Cu(II)  and  Pd(II) 
complexes (C7-C9) respectively exhibited shifts of νC=O of antipyrine ring  to lower frequencies due to coordination of 
this group with metal ions
42.The spectrum of Cu(II) mixed ligand  bipyridyl complex (C7) exhibited additional bands 
at 3100-3150, 1442 and 1250 cm
-1 attributed to aromatic C-H, C=C, and C-N vibrations
36. Bands related to lattice 
water molecules were observed in the spectra of Ni(II), Pd(II) complexes (C6, C9) at 3348 and  3471 cm
-1 respectively, 
while the Cu(II) complex(C8) showed vibrational modes of coordinated water at 3400,902, 771 cm
-1 . New bands 
appeared at lower frequencies were assigned to M-N, M-O and M-Cl stretching modes
5,16,42.  
 
3.5 Electronic spectra, magnetic moments, and conductivity measurements 
The spectrum of L1H in DMF   exhibited  two single bands appeared at (32052 and 22124)cm
-1  with a shoulder at 
(38022)   cm
-1   and showed two  sharp single bands at (32573 and 23256) cm
-1  with a shoulder at (38888)cm
-1  in 
DMA.These bands were assigned to π→π* transitions
36. The spectrum of LII in DMF  exhibited  two single bands 
with a shoulder  appeared at (38910, 21231)cm
-1, in dimethylsulfoxide(DMSO) a multiplet with three bands  appeared 
at (33333, 30303 and 21277) and in dimethylacetamide(DMA)  two bands appeared at (36670, 21570)cm
-1  and they 
were  also  assigned  to  π→π*  transition
36.  The  spectra  of  the  Co(II)and  Ni(II)  complexes  (C1  and  C2)    in 
dimethylformamide (DMF) exhibited changes in positions of ligand band components which were shifted to (37174, 
21881)cm
-1 and (37174, 21834)cm
-1 respectively, while the spectrum of the Cu(II) complex (C3)  in DMF exhibited 
the disappearance of the first ligand band component and the appearance of other two components at 34722 and  
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Table-2: Characteristic IR stretching vibrations ν(cm
-1)of  the Schiff base ligands  and their metal  complexes 
Symbol  νN-H  νC=N 
νC=O 
isatin 
νC=O 
4-AAP  νM-O  νM-N  νM-Cl 
LIH  3425  1620  1728  1650  -     
C1, Co(II)  3430  1575  1697  1640  578  509  375 
C2, Ni(II)  3425  1589  1704  1638  578  509  325 
C3, Cu(II)  -  1580  -  1666  475  410  302 
a 
275 
b 
C4, Pt(II)  -  1615  1728  1674  -  524  350 
Hg(LI)2  -  1620  1728  1666  -  501  - 
LII    1643  1712  1666  -  -  - 
C5, Co(II)    1620  1700  1665  502  425  360 
C6, Ni(II)    1627  1695  1674  509  455  324 
C7, Cu(II)    1560  1697  1633  510  455  347 
C8, Cu(II)    1566  1650  1625  470  410  362 
a 
285 
b 
C9, Pd(II)    1575  1700  1635  501  455  339 
a 
277 
b 
C10, Pt`(IV)    1612  1735  1681  ــــــــ  470  370 
a:terminal; , b:bridging;  OH of lattice water =3475 cm
-1(C2) , 3325 cm
-1 Hg(LI)2; methanol=3500 cm
-1 (C4);. coordinated water 
vibrations 3480,890,780(C3) 
 
32250cm
-1 respectively. The spectra of  the Co(II), Ni(II) and Cu(II) complexes of LII (C5-C7)  in DMF  exhibited 
changes in the positions of  ligand band components appeared at (37037, 31250 and 22222)cm
-1, (37313, 31152 and 
21645) cm
-1 and (38167, 37037 and 28985) cm
-1 respectively. Additional bands were observed in the visible and near 
infrared regions of the spectra of transition metal complexes and were attributed to d-d or ligand field transtions
44,45. 
By applying observed band energies and band ratio on Tanabe-Saugano diagrams of the spesific  ions, the values of 
Dq/B
/ , B
/  and 10Dq as well as the energy of unobserved bands were obtained. The values  of the nephelauxetic ratio, 
β,  of the Ni(II) and Co(II) complexes indicated some covalent character
45. The magnetic moments of the Co(II) and 
Ni(II) complexes  came in agreement with high spin octahedral geometry. The magnetic moment of the Ni(II) and 
Cu(II) complexes of LIH indicated octahedral binuclear complexes
45. The Cu(II) complexes of both ligands C3 and C7 
gave bands related distorted octahedral geometry
38,39,45. The spectrum of triphenyl phosphine Pt(II) complex (C4) in 
DMA , table (3) exhibited one band observed at 20202cm
-1 assigned to 
1A1g→
1A2g transition of square planar Pt(II) 
complexes.  The spectra of Hg(isatin)2 and Hg(LI)2 in DMSO  exhibited high intensity bands in the UV region at 
(36900,31447),  and  (38610  cm
-1 respectively  attributed to  π→π* transition  of  the conjugated system.  The  bands 
observed at 22075, and 28818 cm
-1respectively are attributed to ligand to metal charge transfer transitions
45. The 
spectrum of the mixed ligand Cu(II) complex (C8)  in DMA exhibited bathochromic shift of the two lignad bands  to 
34246 and 32362cm
-1. The band was observed  at 13869 cm
-1 was  attributed to the 
2Eg→
2T2g transition of distorted 
octahedral Cu(II) complexes and it equals to 10Dq value
45. Magnetic moment of the complex (µeff=1.9 B.M) comes in 
agreement with binuclear tetragonal Cu(II) complexes
.The Pd(II) complex  (C9)was diamagnetic and its spectrum in  
DMA exhibited the appearance of one single ligand band at 37174cm
-1 assigned to π→π* transition and two additional 
bands at 16835 cm
-1 attributed to 
1A1g→
1A2g  and 
1A1g→
1B1g transitions of sqaure planar palladium(II) complexes
45. 
The spectrum of  the diamagnetic Pt(IV) complex C10 in DMSO exhibited two bands assigned to spin-forbidden 
transitions  of  Pt(IV)  octahedral  complexes
45.  Molar  conductivity  of  metal  complexes  in  their  specified  solvents 
showed elecrolytic nature of C1, C3, and C7 and C10 with ionic ratio of 1:1
46 while the other complexes were non 
electroltytes
46. According to these data and results of elemental analyses and I.R. spectra the structures  of LIH  and 
LII complexes were suggested as is illustrated in scheme( 4). 
 
3.6 Thermal analysis of metal complexes 
Thermal decomposition of metal complexes (C2,C6,C8 and C9) by  (T.G, DTG and DTA) techniques was carried out  
under nitrogen atmosphere at heating range of (50-1000C°). Thermographs of the selected complexes are shown in 
figure (4 ). The first three complexes were stable up to 270
oC. Generally, water molecules of the crystal lattice were 
lost at temperature range of (50-150)°C as was observed from the curvature in the T.G. curves. Transition, at higher 
temperature, from solid to gas phase causes endothermic reactions demonstrated by depression or decline in DTA 
curves
47. At temperature range of (250-350)°C the DTA curve of C6 [Ni(LII)Cl2]0.25H2O, showed the occurrence of 
endothermic reaction  at (278°C) which may be attributed to melting point of the metal complexe
47. At temperatures 
higher than 350°C the progress of weight loss was combined with continuous rising of DTA curve. This refers to 
further decomposition of metal complexes leading to fragments that undergo exothermic reactions
47. At the final stage 
of thermal decomposition the weight loss of the Ni(II) complex of LIH(C2) suggests the formation of Ni(OH)Cl while 
that of the copper complex refers to the formation of metal oxides (CuO+Cu2O)
47. The Ni(II) and Pd(II) complexes of   Pakistan Journal of Chemistry 2011 
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LII (C6 and C9), were incompletely decomposed within the heating range which refers to the formation of more stable 
products. 
 
Table-3: Electronic spectra spectral parameters and molar conductance of LIH and LII  complexes in a:DMF, b:DMSO and 
c:DMA solutions 
Comp. 
no. 
Band 
positions  Assignment  Dq/    
(cm
-1) 
β  10Dq 
(cm
-1) 
µeff       
B.M. 
Molar conductivityS.mol
-
1.cm
2 
 
C1 
Co(II) 
ν1  4507 * 
ν 2 10224 
ν 3 15500) 
4T1g→
4T2g 
4T1g→
4A2g 
4T1gF→
4T1gp 
0.647  760.6  0.783  4921  4.9  61
a 
C2 
Ni(II) 
ν 1 10172 
ν 2 15267 
ν3 28678* 
3A2g→
3T2gg 
3A2g→
3T1g 
3A2g→
3T1gP 
1.19  911  0.884  10840  2.8  30.5
a 
C3 
Cu(II) 
15576 
21097 
2B1g→
2B2g 
2B1g→
2Eg          1.8  78.8
a 
C4 Pt(II)  20202 
1A1g→
1A2g          Diamag  4.62
c 
Hg(LI)2  38610 28818  π→π* LMCT
          Diamag  3.632
b 
C5 Co(II) 
ν1 4995 * 
ν2 10256 
ν3 17007 
4T1g→
4T2g 
4T1g→
4A2g 
4T1gF→
4T1gp
 
0.757  675  0.695  5109  4.5  30
a 
C6 Ni(II) 
ν1  10152 
ν2 17392 
ν3 27345 * 
3A2g→
3T2g 
3A2g→
3T1gf 
3A2g→
3T1gp
 
1.1  571  0.554  10563  2.8  29.5
a 
C7 Cu(II)  13333 
2Eg→ 
2T2g        13333  1.9  103.2
a 
C8 Cu(II)  13869 
2Eg→ 
2T2g        13869  1.8  14
c 
C9 Pd(II)  ν1 13750 
ν2 16835 
1A1g→
1A2g 
1A1g →
1B1g          Diamag  4.5
c 
C10 Pt(IV)  ν1 14127 
ν2 21978 
1A1g→
3T1gp 
1A1g→
3T2gp          Diamag  45
b 
*calculated 
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Scheme-4: Suggested structures of  the prepared metal complexes 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig-4: TG, DTG and DTA Thermograms of a -[Ni2(LIH)2Cl4]H2O (C2) b-[Ni2(LII)2Cl2]0.25H2O (C6)  c-Cu3LII(bipy)Cl6(H2O)4 
(C8) and d-[Pd2LIICl4(H2O)4]0.1H2O(C9) complexes under nitrogen atmosphere 
 
 
4. CONCLUSIONS 
The two Schiff base ligands in this work have been  readily prepared and their structures were characterized from 
condensation reaction of isatin and N-benzylisatin  with 4-AAP  in dioxane .The coordination behaviors with some 
metal ions have been studied .The suggested structures  have been confirmed by elemental analyses ,thermal analyses , 
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NMR  and  mass  spectra  as  well as  magnetic  moments  and  conductivity  measurements.  Condensation  reaction  of 
Hg(isatin)2 with 4-AAP gave the diSchiff base complex Hg(LI)2. Reaction of  PtCl2(PPh3)2  and Cu(II)-bipyridyl 
complexes with LIH in basic medium led to bond formation between N-1 of isatin ring moiety and the two metal ions 
with the latter being coordinated to OH and N-1 of enol form of isatin ring as was confirmed by  the IR spectra of the  
complexes .The  chelating potency of the studied ligands to form bi-, tri- and polynuclear metal  complexes as well as 
the  N-metallated  derivatives  form  synthetic  models  for  biologically  important  molecules  in  enzymology  and 
medicininal chemistry as will be studied in future work.  
 
5. ACKNOWLEDGMENT  
The authors wish to thank professor K. Taqi for the explanation of mass spectra of the studied compounds. 
6. REFERENCES 
1. Cerchiaro  G.,  Ferreira,  A.M.C.  Oxindole  and  copper  complexes  with  oxindole-derivatives  as  potential 
pharmacological Agents.  J.Braz.chem.Soc.17 )2006(  (8): 1473-1485. 
2. Pandeya,  Raja  A.S.  Synthesis  of  isatin  semicarbazones  as  novel  anticonvulsant  role  of  hydrogen  bonding., 
J.Pharm pharmaceut, (2002) 5(3): 266-271. 
3. Nath S, Pandey S.N.,   Smitha, S., Jyoti M., Sridhar S.K. Biological activities of isatin and its derivatives., Acta 
Pharm., (2005) 55: 27-46. 
4. (a) El-Ajaily M.M., El-Ferjani R.M., Maihub  A.A., .Preparation and physical Investigation of complexes derived 
from 4-dimethyl-aminobenzaldehyde and 4-aminoatipyrene Schiff base ith Ni(II), Cu(II), Rh(II), and Pt(IV) Ions. 
.Jordan.J.Chem. (2007) 2(3):287-296. (b).Sigh R.V.,.Fahmi N. and Biyala       M.K. Coordination behavior and 
biopotency of N and S/O donor ligands with their Palladium (II)and Platinum (II) complexes, J. Iran. Chem. Soc., 
(2005) 2(1):40-46. 
5. Abd El-Wahab  Z.H., Mashaly M.M,,Faheim  A.A. Synthesis and characterization of cobalt (II), cerium(II), and 
dioxouranium(III)  complexes  of  2,  3-dimethyl-1-phenyl-4-salicylidene-3-pyrazine-5-one  mixed  ligand 
complexes, pyrolytic products, and biological activities..Chem.Pap. (2005) 59(1) :25-36. 
6. Rosu T., Pasculescu S., Laza V.,  Chifiriuc C., Cernat R., Copper(II) complexes with ligands derived from 4-
amino-2, 3-dimethyl-1-phenyl-3-pyrazolin-5-one : Synthesis and biological activity.  Molecule, (2006) 11: 904-
914.  
7. Weng X.W., Zheng Y.Q. A dinuclear copper(II) complex and a zigzag chain iron(II) polymer based on the 4-
antipyrene derived Schiff  base ligand the hydroxylation and redox occurred under the solvothermal conditions. 
Inorganic Chemistry Communications, (2007) 10: 709-712. 
8. Pan  F.Y.,  Yang  J.G,.Ge  C.H.  Crystal  structure  of 3-(3-nitrophenyl-hydrazonocarbonyl)-(1H)-1,  2,  4-triazole. 
Cryst.Res.Technol, (2006) 41(7) :734-736. 
9. Prasad  S,  Agarwal  R.K.  Nickel(II)  complexes  of  hydrazone  of  isoniazid  and  their  magneto-spectral, 
electrochemical, thermal and antimicrobial investigations, Hindawi publishing Corporation Research Letters in 
Inorganic Chemistry. (2008) Article ID 350921:1- 4.  
10. Raman    N.,  Raja  J.D.,  Sakthivel,  A.  Synthesis,  spectral  characterization  of  Schiff  base  transition  metal 
complexes : DNA cleavage and antimicrobial activity studies., J.Chem.Sci, (2007) 119( 4) :303-310.  
11. El-saied, F.A.  Ayad  M.I.,.Issa, R.M,  Aly S.A. 4-Azomalononitrile Antipyrine complexes of some first row 
transition metals. Polish.J.Chem. (2000) 74: 919-926.  
12. Crivello J.V.,.Kurosaki T. Alelio G.F.D'. Some selected Schiff base Schiff base exchange reactions. 81
st Annual 
meeting of the Indian Academy of Science,Univresity of Notre Dame,Indiana,October7-9, (1965). 
13. Dhan K.M,.Khan M,  Ali  M.,.Taha M.   Rasheed S., Perveen, S., Choudhary M.I .  Synthesis of bis-Schiff bases 
of isatins and their antiglycation activity”, Bioorganic and Medicinal Chemistry, (2009) 17(22): 7795-7801.  
14. Bekircan, O., Bektas  H. Synthesis of Schiff and Mannich bases of isatin derivatives with 4-amino-4, 5-dihydro-
1H-1, 2, 4-triazole-5-ones, Molecules, (2008) 13:2126-2135.  
15. Barra E.D, Guerra J. Hornillos V., Merino S., Opez J.R.L, Verdu P.S.,Tejeda J.,  Tulsa J. Synthesis of 1, 1`-
methylenebis(1, 2, 4-triazole) functionalized in the methylene bridge. A new approach to dendrons bearing 
heterocyclic rings on the periphery. ARKIVOC, (2005)  (ix): 159-164.  
16. Agarwal R.K, Singh L., Sharma D.K. Synthesis, spectral, and Biological properties of copper(II) complexes of 
thiosemicarbazones  of  Schiff  bases  derived  from  4-aminoatipyrine  and  aromatic  aldehydes.  Bioinorganic 
Chemistry and Applications, (2006) 1-10.  
17. Chen  Gang,  Tang  Ying,  Wang  Manxue,  Hao  Xiaojiang.  Synthesis  and  Characterization  of  Isatin-3-4-
aminoantipyrine compounds. http://www. paper.edu.cn, (2009) 1-5. 
18. Garcia-Raso  A ., Fiol J.J,  Molins E., Calafat  A.M. . Marzilli P.A, Mazilli  L.G., Metallation of isatin (2, 3-
indolinedione) X-ray structure and solution behavior of bis(Isatinato) mercury(II). Met. Based Drugs, (1995) 
2(2) 81-90. 
19. Rochow E.G.. Inorganic Synthesis (1960) 4,218.  
20. Barbara B.P.  Platinum complex having antitumor activity.(1980) U.S.P 7,205,287.  Abdulghani & Ahmed 
 
112 
21. Huang A,   Kodanko   J.J.,  Overman  L.E.. Assymetric Synthesis of   Pyrrolidinoindolines  Application for the 
Practical Total Synthesis of C-phenserine, J.Am.Chem.Soc., (2004) 126: 14043-4053.
 
22. Marti  C, PhD.Thesis Swiss Federal   Institute of Technology, Zurich (2003). 
23. Jarrahpour  A.,.Khalili D., Clereq E.D.,.Salmi C.,.Brunel J.M. Synthesis, antibacterial, antifungal and antiviral 
activity evaluation of some new bis-Schiff  bases of isatin and their derivatives., Molecules, (2007) 12, 1720-
1730. 
24. Burger K., Coordination Chemistry; Experimental Methods. London Butter Worth (1967).  
25. da  Silva  J.F.M  ,.Garden  S.J  ,  Pinto  A.C..  The  Chemistry  of  isatins  a  review  from  1975  to  1999. 
J.Braz.Chem.Soc. (2001) 12(3): 1-105.  
26. Jarrahpour A.A.,.Khalili D.. Synthesis of some new bis-Schiff bases of isatin and 5-flouro-isatin in a water 
suspension Medium.  Molecules, (2006) 11: 59-63.  
27. Stunzi.  H.,  Derivatives  of  isatin  in  aqueous  solution.II  Z-E  isomerism  in  isatin  -thiosemicarbazones.  
Aust.J.Chem. (1981) 34: 373-384.  
28. Hadnett      E.M,.Dunn  W.J..  Cobalt  derivatives  of  Schiff  bases  of  aliphatic  amines  as  antitumor  agents.  
J.Med.Chem., (1972) 15(3) :339. 
29. Prakash D., Kumar  C., Gupta A.K , Prakash  S., Singh K.R.P., Binuclear Complexes of Cu(II) and Ni(II) Schiff  
base of salicylaldehyde and 1,2,4- propylenediamines with alkali metal salts of oxygen and nitrogen containing 
organic acids.  J . Indian Chem. (1972) 256.  
30. Bergman J.  Engqvist  R., Stalhandsk  C.,Wallberg H.. Studies of the reactions between indoles-2, 3-diones 
(isatins) and 2-aminobenzylamine. Tetrahedron, (2003) 59: 1033-1048. 
31. Kriza A., Parnau C., Zalaru F., Kriza. F. Complexes of Ti(IV) and Zr(IV) with some bidentate Schiff bases 
derived from isatin”, ,Acta. Chim. Slov., (2001) 48, 445-452. 
32. Sridhar S.K ,.Ramesh A. Synthesis and pharmacological activities of hydrazones, Schiff and Mannich bases of 
isatin derivatives.. Biol.Pharm.Bull, (2001) 24(10) :1149-1152. 
33. Hassan.  A.M.A.  Co(II)  and  Fe(II)  complexes  of  Schiff  bases  derived  from  isatin  with  some  amino  acids. 
J.Isla.Acad.Sci. (Chemistry). (1991) 414: 271-274. 
34. Lobana  T.S.,  Relha,  A.  Pannu  P.S.,  Hundal  G.,  Butcher  R.J.,  Castineiras  A.,  Synthesis  and  structures  of 
monomeric [chloro-(idatin-3-thiosemicarbazone) bis (triphenyl phosphine)] copper(I) and dimeric [dichloro-
bis-(thiophene-2-carbaldehyde  thiosemicarbazone)  bis  triphenyl  phosphine)]  dicopper(I)]  complexes., 
Polyhedron, (2007) 26, 2621. 
35. Gupta A.K , Sindol R.S.  A comparative study of electrochemical reduction of isatin and its synthesized Schiff 
bases at HMDE. J.Chem.Sci, (2009) 121(3):347-351. 
36. .Silverstien R.M , Webster F.X. and Kiemle D.J. Spectrophotometric Identification of organic compounds  7
th 
edition ,John Wiley and Sons ,Inc (2005).  
37. Maquestiau A., Beugnies D., Flemming R.. Flash-vacuum pyrolysis of acylbenzotriazole .Direct observation of 
cyclopenta-2,4-dienylidenemethaneimines  by  Tandem  mass  spectrometry  and  low-temperature  infrared 
spectrometry. Organic Mass Spectrometry, (1990) 25:197-203. 
38. Al-Abidy N.M. Synthesis, characterization and study of the biological activity of new Mannich Schiff bases and 
some  metal complexes  derived  from  isatin,  3-amino  traizole and  dithiooxamide.  PhD, thesis  University  of 
Baghdad College of Science, Department of Chemistry (2006).  
39. Ravichandran V , Mohan S. , Kumar K.S., Synthesis and antimicrobial activity of Mannich bases of isatin and 
its derivatives with 2-[(2, 6-dichlorophenyl)amino] phenylacetic acid.  ARKIVOC, (2007) (xiv), 51-57. 
40. Chandra S., Jain D,,  Sharma A.K.,  Sharma P., Coordination modes of a Schiff base petadentate derivative of 
3-aminoantipyrine with cobalt(II), nickel(II) and copper metal ions:Synthesis, spectroscopic and antimicrobial 
studies.  Molecules, (2009) 14:174-190. 
41. Kriza A., Dianu M.L., Dianu G., Investigation of Zn(II), Cd(II), and Hg(II) with isonicontinic acid-1-H-indol-
2,3-dione hydrazide system .G.W. Chemie Math.UniBuc. ro/anunivch , (2002) 33-36. 
42. Nakamoto K., Infrared and Raman Spectra of Inorganic and Coordination Compounds 5
thEd.,John Wiley and 
Sons, Inc., New York (1997).  
43. Law  J.M.,  Henderson  W.,  Nicholson  B.K.  Platinum(II)  and  palladium(II)  complexes  derived  from  the 
monoanion  of    isatin  (2,  3-dihydroinole-2,  3-dione,  Hisat);  crystal  structure  of  cis-[Pt(isat)2  (PPh3)2]. 
J.Chem.Soc.Dalton Trans. (1997) 4587-4594. 
44. Kermagoret A., Braunstein P., Synthesis of nickel complexes with bidentate  N,O-type ligands and application 
in the catalytic oligomerization of ethylene, Dalton Trans. (2008) 1564-1473.  
45. (a) Sutton D., Electronic Spectra of Transition Metal Complexes, 1st Ed. Mc Graw – Hill Publ. Co. Ltd., New 
York (1968). (b) Lever A.B.P., Inorganic Electronic Spectroscopy.Elsevier Publishing Company, Amsterdam, 
London (1968). (c).Figgis B.N., Introduction to Ligand Fields. Interscience Publishers Adivision of John Wiley 
and Sons, New York, London (1966). Pakistan Journal of Chemistry 2011 
 
113 
46. Geary W. J., The use of conductivity  measurement inorganic solvents for characterization of coordination 
compound. Coordination Chemical Review, (1971) 7, 81. 
47. (a).  Duval  C.,  Inorganic  Thermgravimetric  Analysis,  Second  Edition,  Elsevier,  London,  (1963).  (b).  Al  – 
Sammarrai D. A. .Al– Ansari. ,R.M., Thermo analytical investigation on heterocyclic organic compound Pt(IV). 
Thermal decomposition of 1,2,3-triazolino-4,5-(-N-pentyl)dicarboxiimides.  ThermoChemica Acta, (1984) 19: 
139-147. (c) Jasim H.H.. The Rmo analytical measurements for binary systems consisting of non-refractory 
metallic oxides and peroxo-salts  MSc thesis.Chemistry Department, Science College ,University of Baghdad 
(1985). 